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"There is no problem of acute
appendicitis, the problems of
appendicitis are the problems.
of its oompli�ations."
A. p. Ashhurst

INTRODUCTION
· Almost every article that has bee� written con

cerning disease ot the vermiform appendix has mentioned
the problem of the most important complication of ap
pendiceal diseases which is peritonitis.

The problem

of preventing death by perit onitis was with us i.n the

literature of appendiceal con:liti ons many years before
the term "appendicitis" was coi�d by Dr. R. H. Fitz 1

in 1886.· Dr. Charles McBurney2 in 1889 was the first

to report a series of earl y operations for appendici
Of his eight cases treated by early operation,

tis.

seven recovered, and the eighth died of peritonitis.

A textbook picture of acute appendicitis with pro

bable peritonitis of some degree was reported by Mes

tinier3 almost two centuri es ago.

The case was a boy

18 years of age with fixed pain i n the right i liac re

gion, vomiting, and weak pulse.

Treatment of this case

is not mentioned, but the boy died on the fifth day.
Post mortem sh.owed the appendix to be gangrenous, and,
of added i nterest, it co ntained some stones of various
sizes.

From the time of the above mentioned case, when

no treatment was attempt ed there h as been a gradual de
velopment of therapy varying from almost ·a hands-off
1

attitude to routines seeking to regulate almost all of
the body functions.

Removal or nonremoval of the

source of the infection--the appendix--and at what
time it should be removed if at all is a problem that
has caused its full share of controversy through the
years.

Only in the last decade or so has there ap-

peared a common meeting ground, the new chemotherapeutic agents, which authorities seem to agree should
be used.

The problem of appendiceal peritonitis is

far from settled as yet however, for the time, place,
and dosage of these drugs, and which one or combinations of which ones to use in a given case are matters
which still give rise to discussions, dissentions, and
contradictions in the literature.

2

EARLY PERIOD

Until the disease process in any kind of illness
is fairly well understood it is logical to use mostly
symptomatic treatrrent; then as greater understanding
of the condition prevailing is attained, attempts at
seemingly rational treatment are made.
In 1814 Bottomby 5 reported a case of a child age
seven years with sudden pains in the right side of the
abdomen, and fever.

After seven days with no treatment

mentioned, a swelling appeared in the lumbar region
which he opened.

A pint of pus was freed containing,

coincidentally or not, an oat kernel swallowed four
months before. Burns 6 in 1837 advises mild antiphlogistic treatment and to open the abdomen when an emphysematous condition is distinguished. Only six years
later Voltz 7 suggests a danger of which the layman one
century later has only recently been warned--llUnder
all circumstances avoid purgatives. 1t

Voltz also in-

troduced the treatment with opiates preached more than
half a century later by Ochsner and others.

He also

opened another field of controversy by suggesting the
use of small enemas.
Lewis 8 in 1856 turned to early surgery as the
3

treatment, advising free incision down upon the appendix. Parker 9 in 1867 again brought forward the idea
of delayed operation recommending extraperitoneal operation after the fifth and before the twelfth day;
Ganley1 0 in 1875 reported twenty-three successful
cases treated in this manner. Concerning removal of
the appendix DeForest 12 states that through human evolution the appendix has become so small as to be of
no use, except to the surgeon, and. quoted Mark Twain
as having remarked that the only safe place for an Inflamed appendix is in a ginger ale bottle, hanging on
a string.
With 11 in 1879 attempted to establish appendicu1ar disease as an entity and offered the name "peritonitis appendi cularis'' to succeed such indefinite terms
as typhlitis and perityphlitis which had been in use
up to that time.

He again called attention to strict

opium treatment with avoidance of all cathartics and
emphasized the importance of peritonitis in appendicular disease.
Drainage of the abdominal cavity was reported in
1888 by Sands 13 •

It was used following a laparotomy

and extirpation of the appendix in the first fortyeight hours of the attack.

Laparotomy for two cases
4

of chronic recurring appendicitis was reported in 1889
by Nicholas Senn14 , and in the same year Neir 15 laid
down the rule that if symptoms indicate an increase in
the local trouble for forty-eight hours, with or without tumor, laparotomy should be done immediately; and
if general peritonitis be found at operation, irrigation and drainage should be employed.

McBurney2 at

about this period recommended earlier operative interference in all cases, but by 1892 he 16 had tempered
his views somewhat so that, though still a warm advocate of early opera ti on in most cases of appendicitis,
he also believed there were some cases in which a
stage had been reached where recovery could take place
only by letting them alone.

Large absces~es may be

far med which may rupture and drain into the rectum
speeding recovery.

He was also strongly inclined to

attribute considerable value to the difference in susceptibility to sepsis in cases of peritonitis resulting from appendicitis.

McBurney recommended copius

irrigation of the peritoneal cavity at operation and
advocated drainage subsequently.

He preferred gauze

drains to tubes except when there was such a large
amount of fluid produced that the gauze could not absorb all of it.

Occasionally he passed gauze through
5

J

two incisions.
Trevesl7 a few years later in 1897 stated that
11

the number of cases which undergo spontaneous cure

form an overwhelming majority", but gave the urgent
,

advice tbat a free incision should be ma.de down upon
the inflamed area as soon as there is evidence that
suppuration had taken place so that an abscess was
formed.

He laid down a rough rule that the use of the

knife will seldom be called for before the fifth day,
and in the great
week.

1ra j

or i ty of cases, after the first

Treves saw years ahead of, his time when he sug-

gested the time for removing the appendix in cases of
relapsin g perityphlitis was during the period of quiescence, saying that the results of surgery at this
time were more admirable than were to be obtained in
the treatment of any , other form of the disease.

In

otb.e r words Treves was seeking to avoid the spreading
peritonitis caused by surgical manipulation of an acutely inflamed or ruptured appendix.

This was quite

a different idea than that advised by Tait 18 twelve
years earlier when he wrote, "I have never allowed a
patient to die of pe ri toni tis without opening the abdomen."

Tait had maintained that the patient should

be operated upon within three or f our days of admis6

sion and not allowed to go on merely for the purpose
of running the gauntlet of an attack of acute peritonitis. Fitz1 followed these statements by Tait with
the observation that the chief danger of appendicular
peritonitis is that it becomes gen3ra1.

Fitz had col-

lected 257 cases of perforated appendix and found that
forty-five of the cases had been in males.

He was

perplexed about the diagnosis of the source of the peritonitis in females since pelvic disease as well as
appendicular disease must be considered as a possibillty in these cases.

He was also particularly con-

cerned about the means of spread of infection in the
abdomen and stated that to keep the bowels quiet should
be the first am last thought.

Cathartics, laxatives,

and enemas may be the means of at once exciting a general peritonitis.

While Fitz apparently meant that

intestinal rest must be the aim from the onset of symptoms, he also seemingly suggested McBurney's try at
early operative treatment by saying that if surgical
interference is not instituted within the first twentyfour hours after tra onset of right iliac pain, to
keep the bowels quiet must still be the injunction.
Regarding the surgical technique to be used, extra
peritoneal operation had been advised by Parker 9 in
7

1867 as a means of preventing contamination of the general peritoneal cavity.

McBurney 2 in 1889 advised a-

gainst trying to locate abscesses with the hypodermic
syringe describing the method as being nas unnecessary
as it is unsurgical."

He described his incision as "a

slightly oblique incision four inches and a half long,
the center of this incision being two inches from the
anterior iliac spine toward the umbilicus."
At the dawn of the twentieth century Anton J.
Ochsner was attempting to establish the cause of diffuse pe ri toni tis complicating ap pendi ci tis,

am

was

searching for a means to prevent this catastrophy.
Ochsner concluded that he could classify the causes of
spontaneously occurring diffuse peritonitis under the
circumstances of :
1.

Gangrenous appendicitis

2.

Perfarated appendicitis

3~

Cases where the cecal end of the appendix is
closed and the distal portion is so thoroughly distended with septic rre.terial as to make
its walls permeable to microorganisms

4.

Septic thromboses in vessels near the appendix

5.

Rare cases of small abscesses in walls of the
8

appendix
and he systemized his preventive measures under the
principles of:
1.

No food by mouth--to hold peristalsis to a
minimum thus allowing the natural protective
powers of the peritoneum to remain concentrated at the point of greatest irritation.

2.

No cathartics--to keep the ileocecal valve
closed as much as possible.

3.

Gastric irrigations--to prevent the entrance
of stimulating juices into the intestines.

4.

Predigested food per enema, four ounces every
four hours--to help maintain the nutritional
state of the patient.

It was Qchsner's idea that the use of the above measures would allow the omentum with its large vascular
supply to wall off the area.
LeConte 19 in 1906 stated the usual method of
treating diffuse peritonitis was to douche the peritoneum with large quantities of sterile salt solution,
with or without partial evisceration, and reported that
the use of this method at the Pennsylvania Hospital had
yielded a survival rate of from twenty to thi~ty per
cent.

He deplored this tecord
9

am

quoted Murphy who

had achieved a ninety-seven per cent survival rate by
assembling the technique of ·good things to do and eliminating the unnecessary or harmful ones.

Murphy's pro-

c7dure, under six headings, consists of:
1.

Rapid ·removal of the gangrenous appendix as
the source of the peritonitis.

This must be

done with the least ~ossible handling.
2.

Drainage by tube of the lowest portion of the
pelvis through a suprapubic opening, and free
#

drainage through the operative incisio1:1•
3.

Elimination of all time-consuming procedures
at the time of operation.

4.

Semi-sitting position of the patient following operation, the so-called Fowler's Position.

5.

Absorption of large quantities of water
through the rectum, which reverses the current of _ the lymphatics of the peritoneum, mak-

ing the surface of the membrane a secreting
instead of an absorbing area, and also markedly increasing the absorption of pus.
6.

Prevention of peristaltic movements of the intestine by withholding all food and liquids by
mouth, and perhaps by the administration of
opium.
10

LeConte cites two cases with uneventful recovery following this method of treatment.
The problem of to drain or not to drain has been
a much debated topic from the dawn of surgery.

Hip-

pocrates first described drainage tubes or cannulae
in advising their use in the trea tme nt of empyema, and
it was probably from him that Celsus received his inspiration to treat similarly abdominal ascites.
upheld this treatment for ascites.

Galen

So~t rubber tubes

were first used in 1859 and many devices have been
tried through the years to keep tubes open and functioning.

Bone tubes, catgut-covered tubes, and tubes

wrapped with rubber thread represented early attempts.
Gauze drainage was used in 1881 by Mikulicz because he
at that early date was convinced of the impossibility
of tube drainage of the peritoneal cavity.

Yates20

'

recording his experimental studies of the effects of
peritoneal drainage in 1905, expressed regret that the
surgeons of that time seemed to believe as a matter of
course that drainage was the proper thing to do following operation and. deplored the catch phrase,

11

When in

doubt, drainn as well as the popular tendency to judge
a sin of omission if an undrained patient responded unfavorably.

From his experimental studies Yates con11

eluded that drainage of the peritoneal cavity is physically and physiologically impossible, since he believed that relative encapsulation of the drain is
immediate.

He also concluded that irrigation through

a drain is both futile and dangerous.

For the benefit

of those who insisted on draining Yates gave the advice
that after a drain is inserted all intraabdominal movements should be reduced to a minimum, and that as soon
as a drain was removed the intraabdominal viscera
should be stimulated in order to break down the adhesions formed by the drainage tube.

Yates felt that

drainage was indicated only to make · an area extraperitoneal, or to farm a sinus whereby exudates could be
led in a safe path of least resistance to the outside.
Dr. Charles H. Mayo 21 writing in 1911 on kinks and adhesions /of the terminal ileum as a cause of intestinal
obstruction suggested the application of sterile vaseline over the traunatized area as a possible aid in ·
preventing post operative adhesions.

Mayo also stated

the advantages of extraperitoneal operation which had
been suggested some years earlier by Trevesl 6 •
Dr. George

w.

Crile 22 of Cleveland in a compre-

hensive review of the treatment of peritonitis in 1919
listed the general symptoms of the infection as, accel12

erated pulse and respiration, raised blood pressure,
increased temperature, an:l rapid loss of weight and
..

strength, all indicative of the presence of some acid
forming activation.

On the other hand, the local symp-

toms of pain, tenderness, distension, muscular rigidity, intestinal paresis, and vomiting, all indicate the
protective response of the organism to the bacterial
invasion, its effort to secure immobilization in order
that the spread of the infection may be inhibited.

The

prime dangers in peritonitis being reduced resistance
and mounting acidosis decrees that· the prime requisi tee
in therapy shall be first, conservation of the remaining energy of the body against further depletion by
adequate diet, fresh air, rest, and sleep, and second,
the neutralization and elimination of the superabundant waste products.
Crile defined the essential points in the treatment of abdominal infection as:
1.

Nitrous oxide--oxygen anaesthesia.

2.

Anaesth~tized incision.

3.

Accurate, clean-cut operation to diminish both
further infection and shock.

4.

Adequate drainage.

5.

Fowler's position •
13

6.

Continuous hot packs over entire abdomen,
spreading well down over sides.

7.

Five per cent sodium bicarbonate with five per
cent glucose by rectal tap, continued as long
as it is tolerated.

B.

Pritmry lavage of the stomach.

9.

2500-3000 c.c. salt solution subcutaneously
every twenty-four hours until danger period
is past.

10. Morphine hypodermically until the respiratory
rate is reduced to ten-fourteen per minute until danger period is past.

Morphine was not

considered useful in streptococcic peritonitis.
Crile attributed to morphine the power to lower the
respiratory rate, reduce pain, secure physiologic rest
and sleep, and to decrease the peristalsis of the intestine, all of which he deemed desirable to a patient
with peritonitis.

14

PERIOD OF 192O 1 S

The

~

riod embracing the twenties saw an increased

interest .and a considerable amount of investigation
into the pathogenesis and pathology of appendicitis and
its complications in addition to the promulgation of
numerous novel methods of treatment.
Warwick 23 stated that the frequency of tuberculosis as a cause of appendicitis ran from three to five
per cent and stated that the disease may be primary or
secondary in the appendix.

Because it may be spread

by hematogenous, lymphatic, or direct contamination
routes, the presence of

a

tuberculous appendix could

involve the peritoneum either locally by ulceration or
more generally in a miliary distribution. Galliard 24
thought that intestinal parasites were the cause of
many cases of appendicitis and suggested vermifuges as
prophylactic treatment.

Galliard also listed compli-

cations of intra-abdominal sepsis involving almost every tissue of tbe body.

In 1921 he mentioned the oc-

currence of multiple and miliary abscesses including
subdiaphragmatic abscess and empyema as results of peritoneal infection.

mong complications induced by the

toxicity of general peritonitis he mentioned damage to
15

parenchymatous organs and hysteria.

He suggested

chloroform or chloral hydrate to control vomiting, morphine for intractible pain, and injection of either
caffeine or sterile serum to prevent collapse.
Treatment with ether of peritonitis following appendicitis was described by Stieda 25 in 1923. He used
from lJ0-150 c.c. of ether in sixty-four cases of which
twenty-seven were diffuse peritonitis.
twenty-seven cases recovered.

Nineteen of the

His method was to pour

the ether into the abdominal ca_v i ty, and follow by
drainage.

The use of mercurochrome in the abdominal
cavity to overcome sepsis was advocated by Davis 26 who

reported treating twenty-one cases in this manner with
only two deaths, and credited this treatment for his
good results.

He used from one-half to four ounces of

.5-1.0 per cent solution of mercurochrome poured into
the abdominal cavity and considered that the direct application of me rcurochrome to the source of infection,
whether it be in :. the peritoneal, thoracic, ·· or other
body cavity, was indicated.
Pi tzman 27 revived an old. idea when he declared
that there could be no surgical appendicitis without
organic stricture of the appendix.

He said that at-

tacks of acute appendicitis are caused by the complete
16

closure of a preformed stricture so that the distal
half of the appendix becomes greatly distended and engorged. McCallum28 had previously suggested that leakage of pus from the appendix past the stricture into
the cecum during the late stages saves many a perforation of the appendix.
In a review of mor·e than five thousand cases in
which appendectomies were performed at the Lankenau
Hospital in Philadelphia, Deaver~9 concluded that operation should be performed immediately if the history of
symptoms was less than thirty-six hours.

In cases of

spreading peritonitis immediate operation was contraindicated and the treatment advised consisted of placing the patient in sitting position with an ice bag on
the abdomen, proctolysis with normal saline, hypodermoclysis, morphine ~n moderate doses, and nothing by
mouth.

It is evident that the treatment differs lit-

tle from the post operative management prescribed many
years earlier by LeConte 19 , Ochsner 30 , and others, with
the exception that Deaver has not removed the appendix
--a sharp reversal from the habit of Tait 17 who wrote
in 1885 that he always opened the abdomen in cases of
peritonitis.

Deaver did however state that certain

cases show no tendency to localization under any wait17

ing policy, included in which were young children, fulminating cases following gangrene and perforation, and
intra-abdominal rupture of a localizing or localized
abscess.
In treating abscesses following peritonitis he
recommended the extraperitoneal approach previously
mentioned, first packing the intestines medially and
apprpaching the appendix from the lateral side.

Any

free fluid was aspirated and cigarette drains, one in
the pelvis, one in the ascending colon; and one near
the site of the appendix, were inserted.
or glass tubes were occasionally used.

Gauze drains
Drains were re-

moved in four to six days, and the incidence of post
operative hernia was a.mall when the McBurney incision
was used.
What might be considered pnophylactic treatment
of appendiceal peri toriit is began to reoe-ive some attention in the late twenties. Larimore 31 said that a
norrml appendix fills homogenously with the barium enema and empties almost as soon as the cecum.

Condi-

tions, position, and fixation of the appendix were considered fairly available to determination by radiographic means, and differential diagnosis of appendicea1
disease from other conditions of the abdomen was facil18

i tated.

Scholz 32 also discussing X-ray diagnosis of

appendicitis states that a good clinician always examines the entire patient, and that only by going over
the entire digestive system will the roentgenologist
be able to exclude the possibility of other lesions
being responsible for the patient's symptoms.
Near the close of this period,

c. w.

M. Poynter 33

in 1929 published the frequently quoted results of his
experiments in peritoneal absorption.

He found that in

his experiments with purposely induced peritonitis,

t.~ •

that, v.nile the bacteria appear in the blood stream in
a spreading infection, they disappear in two or three
days, and a very short time later the peritoneal contents are also sterile, even where the gross appearance
is still one of acute peritonitis.

Poynter concludes

that absorption has contaminated the general circulation long before any operative procedure can be instituted and that the process can be little if at all
influenced by so-called surgical drainage.

To those

opposed to attempted peritoneal drainage the above conclusions call for no further discussion.

19

I

-,

CONSERVATIVE TREATMENT

The admonition of most writers in the 1930's,particularly until the beginning of the general use of the
early sulfonamides about 1938, was to treat the patient
with peritonitis conservatively. Ochsner 34 was one of
the mo st prominent and energetic proponents of the conservative treatment during this period.

In 1934 he

gave as the routine of treatment:
1.

Absolute withholding of everything by mouth,
allowing not even water.

2.

Liberal use of morphine, not with the idea
that it splints the bowel, but because morphine, instead of inhibiting intestinal activity, actually increases it.

"It doesn't

increase peristalsis but it does increase the
tone of the bowel."

patients with peri toni-

tis do not die of the peritonitis as such.
They die of the associated adynamic ileus
which can be largely prevented by increasing
the tone of the intestine by liberal doses of
morphine, and in this way Ochsner said, the
mortality rate from peritonitis can be definitely decreased.

Ochsner seems to have had
20

the correct pharmacological effect of' morphine
on his side and his statement that the patient
does not die of the sepsis seems supported by
Poynter 's studies.
3.

Heat applied to the abdomen.

4.

Oxygen used to combat anoxemia produced by
large doses of morphine.

5.

Do not give proctolysis since even though
·given slowly it tends to increase peristalsis,
a condition that is not wanted.

6.

Enemas should not be given because anything
that tends to increase peristalsis breaks down
\

the protective barriers.
7.

In about thirty per cent of cases suppuration
occurs and should be treated by immediate incision and drainage.

In the same year Coller and Potter 36 at Ann Arbor
stated that mortality following immediate operation
with peritonitis confined to the right lower quadrant
was low, but that the mortality following operation on
patients with spreading peritonitis was shockingly high,
and that if operation was done in most circumstances
after the disease was five days old the mortality would
be fairly low.

They proposed a plan for deferred oper21

ative treatrrent which differed from Ochsner's in the
addition of the important measures of suction by a duodenal tube, and the administration of five per cent
glucose and physiological saline given alternately by
continuous intravenous drip to the amount of 5000 c.c.
per day in adults so that at least 1500 c.c. of urine
is excreted.

The blood and urine chemistry should be

watched during this time.
Giertz 37 in 1936 dissented somewhat from the type
of management of appendicitis and peritonitis in vogue
at that time and cited statistics to reaffirm the advisability of early operation.

He found that the mor-

tality depending upon the stage present and the time
of operation varied as shown below:
~ORTALITV RATES FOLLOWING OPERATION AT VARIOUS STAGES
STAGE OF DISEASE
1. Gangrenous appendicitis without
purulent peritonitis
2. Appendicitis with abscesses
3. appendicitis with general peritonitis

and:

22

MORTALITY 'f,

.4-.8
6.3 - 6.5
9.2-14.4

MORTALITY RATES FOLLOWING OPERAT,ION ACCORDING TO DURATION OF ILLNESS
TIME OF OPERATION

AVERAGE MORTALITY~

1. Before 48 hours

3.5

2. After 48 hours

23.0

Concerning surgical technique Giertz said that
under 8.11 circumstances less darrnge is done by a small
exploratory incision over the appendix, even if it is
later necessary to make an incision in the midline,
than by an unnecessary midline incision in the presence
of an extensive appendiceal peritonitis.

Ochsner, com-

menting on Giertz's parer stated that most immediate
mortality in peritonitis is due to the absorption of
toxin, an item he had apparently failed to recognize
two years previously, and he reaffirmed his belief that
later deaths were mostly due to ileus.

He also recom-

mended the use of an indwelling catheter and suction
as described by Wangensteen, as the method by which an
adynamic ileus can be readily and easily controlled,
and he again mentioned the advantages of large doses of
morphine.
Ochsner also recommended the use of oxygen to help
absorption of intestinal gas, a subject which had been
23

investigated by Fine, Banks, and Hermanson 38 •

They

found by analysis that nitrogen am hydrogen are the
major constituents of the gases causing distension,
and that the inhalation of pure oxygen effects a substantial reduction .i n the gas volume in the small intestine inflated with these gases.

The inhalation of

pure oxygen relieves distension by preventing the entrance of atmospheric nitrogen into the lungs.

The

nitrogen in the blood and tissues is quickly eliminated
{sixty per cent within one hour) and the resulting fall
in the partial pressure of this gas in the blood not
only prevents its diffusion from the blood int'o the intestine, but accelerates its diffusion from the intestine into the blood.

However oxygen doesn't work well

to decompress the stomach, apparently, because there
is little surface available in which to absorb the nitrogen.

The method of administering pure oxygen was by

a rubberized hood over the head of the patient.

There

seemed to be no bad e f fects from prolonged breathing
of pure oxygen, one patient having breathed it for a
total of twenty hours with the hood removed only onehalf nour every four hours, and another having breathed
ninety-five per cent oxygen continuously for nine hours
with no harm done.
24

Concerning the conservative management of appendiceal pe ri toni tis in children, Adams and Bancroft 39
felt that a significant reduction in the high mortality
could be attained by deferring operation until after
the aeute stage of extra-appendicular extension was
past, noting that this type of management appears to
be best in such diseases as acute salpingitis and cholecystitis.

They base their case for conservative

treatment on the assumption that the peritoneum following bacterial trauroo. becomes inflamed and forms fibrinous adhesions, which along with the omentum will wall
off the inflammatory process and prevent dissemination
of the offending organisms.

The danger of the exten-

sion of the infectious process is less if the protective adhesions are not broken down, as may occur during
removal of the appendix.

Their method of conservative

treatment is similar to that outlined in 1936 by Ochsner with minor variations .

They place the child flat

in bed instead of sitting up, use codeine and phenobarbitol instead of morphine to depress the respiratory rate, pain, and activity, and use hypodermoclysis,
as well as the intravenous drip, fluids of 90-100 c.c.
per kilogram per day as long as siphonage is maintainea..

This type of trea trnent is used unti 1 the tem25

perature is normal which is usually five or six days.
The incidence of appendicitis mounts steadily from
the first to the fifteenth year.

~dams and Bancroft

found about 81.6 per cent of 241 cases below seven
years of age were complicated, from seven to fifteen
years 39 per cent were complicated, and from fourteen
to fifteen years 28 per cent had complications.

In the

group seven years or younger in which incidence of extension is so high and in which mortality is usually
high, there was only one death in thirty-one cases
treated in this manner, or a mortality rate of three
per cent.
The experiments on peritoneal absorption by Poynter33 by no means settled the drainage question a1~ . -..
though most of the papers written on the subject for
several years following the publication of his paper
permitted drainage only in a few situations. Buchbin40
der, Dragemueller, and Heilman
found in experiments
on thirty-three dogs with artificially induced peritonitis that at twenty-four hours the pelvis and diaphragm were rarely involved, and believed that the diagnosis of "general pe1·itonitis" was often made when
there was diffuse, but more or less limited, infection.
They observed that the intensity of reaction was great26

est at the point of soiling and diminished gradually
as one left this zone, and that smears showed fewer
bacteria further from the center.

They found that

fibrous adhesions agglutinating contiguous surfaces
together set up zones of recovery, and that drains
quickly encapsulated so as to prevent functioning, especially in the lower half of the abdomen.

Drains of-

ten caused multiple small abscesses in their tracts;
they disagreed markedly with Hertzler 41 who had said
in 1919 that the more fluid the exudate the longer
drainage would continue.

Buchbinder et al state that

the character of the exudate has no bearing on the effectiveness of the drain. Cafritz 42 considered drainage of the entire peritoneal cavity a physical impossibility even with multiple incisions or drains, and
states that the dr·ains and not the peritonitis cause
adhesions, and also that pelvic drains increase the incidence of post operative retention. of urine.

He gives

three indications to drain in case of appendicea1 peritonitis: first, if the primary focus of infection cannot be removed; second, if a large amount of exudate
and contaminated tissue is left in the abdominal cavity;
and third, if there is a walled-off abscess.
lists the advantages of nondrainage as:
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Cafritz

1.

Lowered morbidity and mortality.

2.

Minimized possibility of post operative paralytic ileus.

3.

Shortened duration of illness.

4.

Excludes the possibility of development of a
fistula.

5.

Minimizes the tendency to post operative hernia.

6.

Minimizes the tendency to po st operative adhesions.
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DECLINE OF CONSERVATIVE TREATMENT

The reign of conservative treatnent of appendiceal
peritoniti$, which had its heyday in the early and middle thirties with the support of such men as Ochsner
and Wang~steen, was coming to an end as the pendulum
swung the other way just before the use of the fir st
new chemotherapeutic agents became general.

Crisler43

in 1939 while not out of sympathy with conservative
treatment in many cases enjoined us not to use these
methods if:
1.

There is early perforation with signs of localized peritonitis.

2.

Diagnosis of ruptured appendix not made.

3.

Presence of i•is ing pulse, increase in size of
abscess or ruptured abscess~-in other words,

,,'. ,:-

if the patient's general condition becomes
worse.

4.

abscess does not subside.

(Drainage should be

instituted.)
In case of uncertain differential diagnosis Crisler advised conservative treatment if the other suspected
disease does not require operation.
row and Ochsner

44

The next year Bar-

stat.e d that exploratory laparotomy
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is a wiser procedure than conservative measures in
cases in which the diagnosis cannot be established with
reasonable certainty or there is some doubt about perforation of the inflamed appendix, and also for cases
seen within twenty-four hours of the onset of symptoms.
In a review of 1098 cases with a mortality rate of 0.7
per cent Horsley 45 attributes the good results to immediate oper at_i on, no matter what the stage of the
disease--whether ruptured appendix, abscess, or general peritonitis--to the use of a small McBurney incision
with gentle handling of tissues and r·outine removal of
the appendix with simple ligation of the stump pulling
fat over it to protect it and prevent adhesions, of
sponging to remove fluid, and providing physiologic
rest for the affected colon by eliminating proctolysis,
using few drains, using gastric suction,

and

giving

fluids intravenously.
In the same year Davis and McLaughlin 46 at Omaha
reported their results of the treatment of 963 cases of
acute appendicitis.

They treated non ruptured cases

and those with local spreading peritonitis by immediate
operation, and recorded a mortality rate of .5 per cent
and 5.4 per cent respectively for these cases.

In pa-

tients with diffuse peritonitis the mortality following
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immediate operation was 60 per cent and following delayed operation was 14 per cent, a distinct advantage
in favor of the latter.

They concluded that the com-

monest cases of death ' in acute appen4icitis were procrastination and purgation.

Also in 1940 Burke and

Hahn 47 reviewed the treatrrent of 187 cases of appendicitis with perforation.

These represented 35.4 per ·

cent of the total group treated.

Usually both factors

of procrastination and purgation were present in perforated cases.

Inhalation anaesthesia was generally

used in these cases but spinal anaesthesia was used in
bad risk cases.

Post operative duodenal decompression

and parenteral fluids were used routinely, and transfusion was routine in generalized peritonitis.

Burke

and Hahn state tba t duodenal decompression c ontri bu tea
more than any other factor to the successful treatment
of peritonitis, am in no other field of surgery is
post operative care more vital to success.

Of their

83 cases of perforation with generalized peritonitis

there were only thirteen deaths, a mortality of 15.6
per cent.
Another large series of cases was studied by Jennings, Burger, and Jacobi 48 in 1942.

Of 1608 patients

all but eight, who had long histories and clinical evi31

dence of fulminating spreading peritonitis, were operated immediately.

Spinal anaesthesia was used for most

patients over twelve years of age, and cyclopropane or
open ether if younger.

A McBurney incision not over

four inches in length was used, and the good results
were attributed largely to the operative procedure employed.

Since fatigue of the patient and operating

room staff is important often in causing the death of
the patient, it is advised to eliminate night operations except in extraordinary circumstances. Jackson
and, Perkins 49 at the Jackson Clinic reviewed their results in one hundred cases and decided that spinal anaesthesia was desirable for the reasons that shock 1$
minimized, and the intestines are quiescent during operation; they believed that spinal anaesthesia is a
definite factor in lcmering mortality.

Also they ad-

vocate watching the circmlation closely and digitalizing patients if necessary before venous stasis and embolism occur.

They also drain if there is free pus in

the peritoneal cavity, using cigarette drains.

In an

experimental study of induced peritonitis using 180
·

dogs, Bower, Terzian, Burns, Trachtenberg, and Pearce
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found that dogs invariably die soon after operation
performed during the active stages of an induced peri32

tonitis.

The lowest mortality in this experiment was

obtained with the use of lyophilized convalescent peritonitis serum obtained from the blood of dogs recovered from spreading peritonitis.

A group of patients

treated likewise shONed the ~est results.

The cellular

elements of the blood do not help much as . shown by the
indifferent results obtained by transfusion, according
to these investigators.

They recommend the use of lyo-

philized convalescent peritonitis serum in any case of
massive infection including perforated appendix, and
'

spreading peritonitis either primary or induced at operation.

Dosage recommended is 250-500 c.c. intraven-

ously over a two hour period, repeated every twelve
hours until improvement is noted, guides to administration being temperature, pulse, respiratory rate, and
the presence ot absence of peristalsis.
plasma increases peristalsis.)

(Lyophylized

The effects of lyo-

philized plasma administration according to Bower et
al are to improve the psychic condition, making the patient feel better, to reduce pulse rate and temperature,
to increase peristalsis in a previously silent abdomen,
and to replace fluids and electrolytes.

The antibody

action is not evaluated, but the advice is given to use
plasma first instead of transfusions.
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The fallacy of peritoneal drainage was once more
attacked by Cottis 51 in 1943. He states t hat in the
first two years of World War I treatment of abdominalwounds with drainage produced a mortality of about 100
per cent, and when drainage was stopped the mortality
dropped to about 50 per cent,.

Cottis states that the

success of non drainage depends on the integrity

of

the

peritoneum; therefore if the walls of an abscess are
necrotic, if the retr-operitoneal space is opened, or
if bleeding cannot be controlled a drain should be inserted.

The more widespread the peritonitis the less

the indication for drainage according to Cottis, and
the time to operate is when the diagnosis is made-nothing is g8.tned by delay.

~4

CHEMOTHERAPEUTIC

ERA

Ever since the recognition of micro-organisms as
a causative factor in disease, it has been the endeavor
of medical science to destroy SllCh organisms or at
least render them harmless to human tissue.

For this

purpose, the body defenses have either been fortified
with protective inoculation to resist the invader or,
once they have gained access, to at t empt destruction of
the germs by the introduction of chemotherapeutic agents.

In the classification, the modern chemotherapeu-

tic agents, 'the sulfonamides and penicillin, have demonstrated remarkable success in hastening recovery from
illness, eliminating complications, and reducing costs
of treatment.
Sulfanilamide was prepared by Gelmo in 1908, but
it received little medical attention until Domagk in
1935 published his results with prontosil in the treatment of mice injected with fatal doses of streptococci.
General Treatment with Sulfonamides
One of the early investigations in the use of sulfonamides was reported in 1938 by Bower, Burns, and
Meng1e 52 • They studied the effects of prontosil on
spreading peritonitis in dogs.
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Prontosil is well known

to be converted into sulfanilamide in the body, and the
boo.y depends on the act ion of that substance for its
effects.

These investigators found that in dogs in

which spreading peritonitis was produced by ligating
the appendix and mesentery and administering castor oil,
the mortality in untreated cases was 91.7 per cent,
while in those dogs treated with prontosil intramuscularly every eight hours the mortality was reduced to
fifty per cent.

Since Bower et al state that in appen>

diceal peritonitis the predominating aerobic organisms
are Bacillus Coli 66 per cent and various for;ms of
streptocci 33 per cent, and that Clostridium welchii
was present as the predominating anaerobic organism in
60 per cent, it would seem tba.t prontosil was probably
somewhat effective against a11 of these organisms.
By the use of hypoo.ermic sulfanilamide in addition
to oral administration in the treatment of patients
with peritonitis associated with appendicitis, Raudin,
Rhoads, and Lockwood 53 in 1940 were able to lower the
death rate resulting in acute appendicitis from 1.4 per
cent to 0.4 per cent.

They found the organisms cul-

tured from peritoneal ~xudate in order of frequency
were E. coli, hemolytic streptococci, non-hemolytic

streptococci, and anaerobes.
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They always operated im-

mediately regardless of the stage of the disease and
always removed the appendix regardless of its pathology unless its 1·emova1 would destroy the abscess wall.
Drainage was almost always used in complicated cases
with few bad results.

In addition to sue ti on drainage

if needed for distension, prostigmine and pitressin
were used oe casional ly.

Comp le t ·e blood counts were done

every twenty-four to forty-eight hours during sulfanilamide therapy.

A

later study of 903 cases in Los Ang-

eles by Stafford, Beswick and Deeb 54 to evaluate the
use of sulfanilamide in the treatrrent of peritonitis
of appendiceal origin shcmed a reduction of the mortality rate from 9.2 per cent to 3.4 per cent.

As they

followed the record of the increasing usage of sulfanilamide, they found that mortality and morbidity decreased each year as more patients received the drugs.
Drainage was used less often, in 1942 only two-thirds
of their cases being drained.
The value of sulfathiazole in the treatment of
appendiceal peritonitis was pointed out by Stafford 54 •
He compares a previously reported series of 479 cases
treated by immediate operation in which there was a

,

mortality of ten per cent with a new series of 105 patients given sulfathiazole by mouth and/or intraven37

ously an~ supplemented locally, in which the mortality
was only five per cent.

Their dosage for the average

adult was four grams initially, follcmed by doses at
regular intervals sufficient to keep the blood level at
6-8 milligram per cent.

Usually the treatment was in-

travenous the first day or two and the rest was given
by mouth when the patient was able to retain it.

Re-

garding toxic reactions, fever, skin rash and conjunctivitis were frequent, and nausea and blood destruction
were unusual.
the drug.

Occasionally it was necessary to stop

Stafford concludes that the correct treat.;..

ment in any stage of the disease is immediate operation
followed by sulfonamide therapy.
Modern do sages of sulfadiazine were used by Mcswain
55
and Gle nn
in 194 2 in the treatment of experimental
streptococcic infection in rabbits.

They found that .4

gram per kilogram given subcutaneously every four hours
did not give a constant blood level and did not sterilize devitalized tissue in wounds.

It did however re-

sult in negative blood cultures and produced prolonged
survival periods.
Wattenburg and Reinbecher 56 studied the results of
the treatment of acute appendicitis in children as influenced by chemotherapy in the period of 1938-1942 at
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the Children's Hospital in St. Louis.

Sulfa was admin-

istered in all cases wrere peritonitis was diagnosed or
even suspected; their experience showed that it is during the invasive phase, not the chronic or entrenched
phase, that chemotherapy is most effective.

They found

that there is no longer the great danger of spread of
peritonitis by operation if the drug is given preoperatively, and also that chemotherapy i s not most effective
when pus is present in walled-off abscesses • .Long continued use of drugs and delay of drainage of these abscesses was described as not only useless but harmful.
They advise that rulfa be given intravenously for quickest results and that complications of the use of sulfas
in children are uot severe or frequent.

One of the

more often seen complications is cyanosis due to elevated methemoglobin.

This can be counteracted by in-

travenous Methylene Blue one-two milligrams per kilogram per day.
Preoperative treatment is often important in childrem--electrolytic and nutritional deficiencies and derangements must be corrected.

To correct loss of fluid

and electrolytes tnese writers recommend:

50-60 c.c.

per kilogram Ringers Solution subcutaneously, 20-32 c.c.
five per cent dextrose per kilogram intravenously, and
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for protein 30 c.c. plasma per kilogram.

In the light

of modern knowledge this amount of plasma will have
practically a negligible effect in increasing serum
protein.

Recommended __post operative treatment is to

keep the blood sulfa at a high level until the temperature is normal, and then taper off the dosage gradually.

The temperature is said to come down much more

rapidly with than without chemotherapy.
In another of their experiments on the treatment
of streptococcic infections on rabbits with sulfadiazine Mcswain and Gle nn 57 made a study of the effects
of local implantation of the drug.

Sulfadiazine im-

planted into wounds experilll9ntally innoculated with betahemolytic streptococci resulted in:
1.

Decreased mortality rate.

2.

Increased survival time

3.

Lower percentage of positive blood cultures

4.

Slightly lcmer percentage of positive wound
cultures

5.

Apparent improvement in wound healing

It was found that the action of sulfa was not prevented
by the presence of traumatized tissue, that sulfa locally favors the healing of contaminated surfaces and
slows healing of clean wounds, and that the full effect
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is still obtained if implahtation of sulfa into a contaminated area is delayed as long as one hour.

Mcswain

and Glenn emphasize that the results were due to the
local action of the drug since only a faint trace was
present in the blood.
Using dogs as subjects in experiments on the treatnent of peritonitis, Epps, Ley, and Howard 58 found that
sulfanilamide, sodium sulfapyridine, and sodium sulfathiazole may be administered intraperitoneally in solution or suspension in proper dosage with no deleterious effects.

Sulfathiazole appeared most effective in

local treatment of peritonitis, and they believed that
proper drainage was essential.

It was their experience

that subcutaneous administration of sulfanilamide often
resulted in skin sloughs.

In 1942 Mueller and Thomp-

son59 writing on the local use of sulfanilamide in the
treatment of peritoneal infection said that it produces
concentrations in the peritoneal cavity following local
implantation of 75-100 times the level in the circulating blood, and that this high level seems to have a
bacteriostatic effect or destructive effect on the bacteria.

Their total do sage was 175 milligrams per kilo-

gram, two-thirds intraperitoneally a nd one-third in the
wound, with a total dose never exceed.ing eighteen grams.
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They noticed no toxic effects and had no deaths in a
series of 268 patients. Jackson and Coller 60 in the
sama year stated that local implantations of sulfanilamide is of value in treating peritonitis and in aiding the peritoneum to overcome contamination occurring
· at operation.

They claim that sulfanilamide is ab-

sorbed so rapidly from the peritoneal cavity that it
is uncertain whether it is effective as a local medication in the same sense that it is in other parts of the
body, but they say the peritoneal route offers the fastest method of administering the drug so that effective
levels in the blood are reached, a statement supported
·
61
by Gilchrist , who adtts that the therapeutic levels
al so fall rapidly.

Jack son and Coller found a high in-

.

cidence of hepatitis in their series and advised against
using doses greater than five grams.

They agreed with

the consensus of opinion that the local application of
sulfanilamide injures the peritoneal cavity, but suggested that it offers promise of reducing scarring and
adhesion formation in the peritoneum secondary to pyogenic infection.
In discussing the above paper Ochsner 34 expressed
quite a pessimistic view, saying that sulfanilamide in
the abdominal wall sets up an intense reaction in the
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wound, exudation of serum, and causes prolonged healing.

He states that sulfanilamide should not be used

in the peritoneal cavity unless there 1.s gross contamination.

Stafford et a135 used intraperitoneal sul-

fa in nearly all of those 903 cases and appear to differ sharply with Ochsner when they describe intraperitoneal sulfa as being of particular value in case -of
early perforated appendicitis.
According to Walter and Cole 63 the wide bacterial
specificity of sulfadiazine represents a distinct advantage over other sulfonamides, and suggest the low
proportion of the acetylated form in the blood may explain the relatively high degree of therapeutic effectiveness of sulfadiazine.

The relatively low toxicity

and high blood levels obtained per kilogram units of
dose, and the long sustaining of the blood level with
sulfadiazine makes it a more effective drug than the
other sulfas generally speaking.

Long duration is said

to be more desirable than high level.

Smaller doses of

sulfadiazine are required than of other sulfas and there
is less danger of excessive summation of effect from
multiple routes of administration.

Walter and Cole in

a series of patients treated with intraperitoneal sulfadiazine found a wound infection of 4.04 per cent, as
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compared to 14.05 incidence in a series treated with
local sulfanilamide.

They use six grams of sulfadia-

zine sprinkled evenly over the surface, and if the case
is unfavorable, use an additional three grams intravenously for quick effect.

They state that a minimum of

3000 c. c·. fluid intake is necessary for an adult if
high doses of sulfadiazine are given. Ryan, Bowman and
Mulhollam. 64 agree that sulfadiazine possesses advantages over other sulfas in the respects mentioned above
and in addition states that it is more readily absorbed
when given by any route, that it is excreted more slowly, and that it is less acetylated in the urine, thus
having a greater bacteriostatic effect in the urinary
tract.

They found that the e>ffective blood levels were

maintained from forty-eight to ninety-six hours after
intraperitoneal dosage of up to twenty-five grams, and
therefore there is no need to administer the drug by
any other route for from two to four days post operatively.

Also one can be fairly certain that local con-

centration in the peritoneal cavity remains high for
the sarre period of time.

They found the peak absorp-

tion time to be twelve to thirty-six hours after intraperitoneal administration, and three to six hours after
giving orally.

The _level is of course maintained much
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more evenly and over a much longer time by the former
method.
The choice of routes for administration of sulfonamides is reviewed by Gilchrist 61 • He reports that it
takes three hours to reach maximum level .of sulfa in
blood after oral administration and it is maintained
about three hours.

Within fifteen to thirty minutes

after solutions of sodium sulfathiazole are given rap'
idly intravenously there will be high concentration
in

the exudate of ear1y ·periton~tis.

As the blood level

falls peritoneal concentration lags.

There are fewer

adhesions in the peritoneal cavity after the implantation of sulfanilamide crystals in the abdomen.

They

give a high immediate concentration in the peritoneal
exudate and the blood concentration quickly reaches
therapeutic levels, · but both fall after two to four
hours.

If intravenous sulfa is used care mu.st be taken

to avoid summation of dosage if intraperitoneal sulfa
is used later.

Gilchrist cites the case of a twenty-

year-old _male with a twenty hour attack of acute appendicitis who was operated upon and diffuse purulent
peritonitis found.

The appendix was removed and 7.5

grams of sodium sulfathiazole in 125 c.c. normal saline
placed in the peritoneal cavity before tight closure.
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Blood concentration of sodium sulfathiazole was 6.8
milligram per cent after thirty minutes and 6.5 milligram per cent after three and one-half hours, with only
a trace shown after· ten hours.

In four other cases he

found blood concentrations were low after eight hours.
A suggested program to retard peritonitis after bowel
perforation consists of:
1. One-half gram sodium sulfathiazole per ten
pounds body weight given intravenously as a
five to ten per cent solution.

Injection taJces

two to four minutes and is a fir st aid measure.
2. Follow with intra venous fluid, plasma, or blood.
An alternate procedure might be the use of a soluble
drug or a suspension of sulfathiazole microcrystals in'

jected directly through the abdominal wall.
PenicilliI_1--Systemic Treatirent
The discovery of the bacteriocidal effect of staphylococci by a substance produced by the mold penicillium notatum in 1929 by Sir Alexander Fleming, and the
isolation of penicillin in 1939 by Florey, who also
pioneered the clinical use of penicillin, opened the
way to another era of exper~ence in the treatment of
infectious diseases.

Heathy and Sanders. after many

difficulties were finally able to extract enough peni46

•

cillin for clinical trials.

From ~ebruary to June 1941

six patients received the drug intravenously.

The re-

sponse was encouraging but two of the six died when the
supply of penicillin proved too limited.

An experimen-

tal study of the use of penicillin in the treatment of
peritonitis by Fauley, Duggan, Stormont, and Pfeiffer 65
showed a mortality in dogs of ninety-two per cent in untreated cases and no mortality when penicillin was used.
They stated that peritonitis is the cause of death in
ninety-two per cent of the patients who die after being
admitted to the hospital with a diagnosis of acute appendicitis and offer a guide to dosage of penicillin.
They recommend a dosage of under one-half million uni ts
per day before an appendix is ruptured, and more than
one-half million units per day in case of diffuse peritonitis.
Treatment of fifty erases of appendiceal peritonit_is was reported by George Crile Jr. 66 These were all
proved cases, were all treated over a long period of
time, and the peritonitis was controlled in all cases
with all intra-abdominal masses resolving spontaneously without drainage.
follows:

Their plan of treatment was as

As soon as peritonitis was diagnosed 100,000

units of penicillin was given every two hours either by
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intramuscular administration or· by continuous intravenous drip.

This treatment was continued for an average

period of three and one-half days, and followed by either 50 , 000 units every two hours,

01·

100,000 units ev-

ery fo~r hours for at least three more days.

If the

dosage was reduced too soon the peritonitis was apt to
recur or localized abdominal masses to appear.

A sec-

ond course then was necessary to pr educe cure and resolution of the mass.

Other rreasures used by Crile in-

eluded bed rest in Fowler's position when necessary until afebrile, liquid diet and intravenous supplement
and fluids, continuous gastric suction if distended or
vomiting, and intravenous replacements of lost fluid
and salt; the Miller-Abbot tube was used if gastric
suction failed to decompress the stoma.ch.

If intestin-

al obstruction was shown by a flat plate the MillerAbbot tube was placed in the ileum and a soft diet fed
through it.

In this series there was no indication for

amino acids, plasma, transfusion of whole blood, or
oxygen.

It was found that peritonitis did not spread

after twenty-four hours of treatment, the temperature
never rose after two days,
by the third day.

am

the pulse was below 100

There was evidence tbat it is the

gram positive cocci and not E. coli that are the chief
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offenders in peritonitis.

E. coli may be a saprophyte,

and suture material, strangulated tissue, serum and
blood give a place for the E. coli to grow, there being no peritoneal defense present.

The presence of E.

coli tends to inactivate penicillin and E. coli in pure
culture is of low v irule nee, so if the gram positive
organism is controlled, the body is able to overcome the

E. coli infection unaided.
General peritonitis following perforating appendix
still causes a fairly high mortality but less than formerly.

Better results are obtainable according to Tho-

mas and Thompson 71 in 1946 by the use of the following
important and definite procedure evolved over a period
of years:
1.

Early diagnosis and surgical removal or prophylactic appendectomy between attacks.

2.

Intelligent gentle handling of the gangrenous
walled-off appendix without contaminating the
general peritoneal cavity, e~en leaving the
appendix alone under circumstances involving
undue trauma to effect removal.

3.

Establishing of adequate pelvic and lumbar gitter
drainage.

4.

Balance the patient's body fluids, electro49

lytes, and proteins by wise intravenous therapy.
5.

Controlled decompression of the distended intestinal tract by siphon suction of Wangensteen.

6.

The use of chemotherapeutic sulfa drugs.

7.

The use of penicillin.

They assert tmt surgical operation has nothing to offer in the actual treatment of fulminating general peritonitis and fortunately has practically disappeared,
as it only hurried the patient to an untimely end.

Tho-

mas and Thompson believe that penicillin will not cause
resolution of pus collections but it will check or lessen the spread of pyogenic infection thereby permitting
surgical drainage at a later date when the patient's general condition has improved and the surgical risk has
been reduced to a minimum.

To support their contentions

they report a case of a man age fifty with all the symptoms of fulminating peritonitis who had received no
treatment in four days except morphine for pain.

He

was treated with 1000 c.c. five -per cent glucose in normal saline intravenously every eight hours, a transfusion of 500 c.c. of whole blood, Wangansteen suction,
and 40,000 units of penicillin every three hours.

He

had a stormy course for seven days but by the tenth day
50

his T.P.R. were norrral, his abdomen flat, and he had
a normal bowel movement.

Penicillin was discontinued

on the eleventh day ·after a total of 2,620,0uO units

were used.

On the seventeenth day he had a temperature

- of 102 and pain in the right lower quadrant.

On the

twenty-first day laparotomy showed a perforated append'ix with retrocecal abscess from which 400 c.c. of pus
was removed.

Smears of this pus showed numerous pus

cells, numerous gram positive cocci--singly, in pairs,
and in short chains--some gram negative bacilli, and a
few gram positive bacilli and diptheroids.

Cultures

were reported positive for anaerobic streptococci, Pro- teus vulgaris, and micrococcus.

The appendix was re-

moved a nd Penrose drains placed in the abscess cavity
with five grams of sulfanilamide powder and brought out
through a stab wound in the McBurney area, and the right
rectus incision was closed entirely.

Convalescence was

uneventful following operation.
If we can accept as valid both methods of treatment discussed above it would seem tba.t the method of
Crile is to be favored since recovery is· more rapid,
surgery is avoided, and in the long run it is probably
less expensive since the price of penicillin has drop~d
to a fairly reasonable figure.
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Recently it has been

suggested that penicillin may be used in emergency as
a means of pr eventing complications in acute appendi citi s until suitable operating facilities . are available.
Lowry 68 reports the case of a man stricken at sea who
was given 10,000 units of penicillin per hour intramuscularly and was much improved ten hours later.

He

then was given 10,000 units every two hours, to a total
of 300,000 units over a period of forty hours.

Appen-

dectomy was then performed and the organ was found to
be slightly reddened and edematous and contained purulent material which produced no growth on culture.

This

experience seems to indicate that admin~stering penicillin is a good temporizing measure until suitable operating facilities are available.
Local Administration of Penicillin
The peritoneal absorption of penicillin was studied
by Shaf.i roft 69 who found that intraperi toneal instillation of penicillin is followed by significant bacteriostatic concentration of the antibiotic in the blood.
In twen~y-two patients where 100,000 units of penicillin in solution was instill ed the blood level at one
hour was found to be 1.2 units per c.c. of serum.

Ab-

sorption was maintained over a period of three to five
hours and the drug was present in bacter.iostatic levels
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in the blood for three to five hours, which is longer
than after intravenous or intramuscular administration.
No toxic manisfestations were seen. Kalisona 70 treated
postoperatively a child aged four years eleven months ·
with perforation, gangrene, and general peritonitis by
the use of an initial instillation of 15,000 units of
penicillin run through a catheter into the abdomen.
Every three hours the fluid in the abdomen was withdrawn with a syringe and the 15,000 units repeated.
This treatment was continued for forty-eight hours with
a total of 200,000 units.

On the third and fourth days

the dosage was reduced to 20,000 units twice a day, so
the total penicillin for irrigations was then 280,000
units.

The child began to recover in the second twenty-

four hours and on the fourth day was talcing food by
mouth, sleeping normally, and feeling fine.

The above

cases point out an apparently almost non-toxic treatment which seems likely to practically replace sulfonamides for intraperitoneal administration.

Newer Chemotherapeutic Agents
The treatment of surgical infection using streptomycin has been reported by Pulaski 67 • A ten per cent
solution given parenterally by intramuscular injection
reaches the blood stream slowly and is rapidly excreted
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by the kidneys . so that the drug is concentrated in the
urinary tract and was found very effective in controlling urinary complications.

By oral administration the

bacteria in the bowel are reduced in number, which may
be important in case of the presence or danger of ruptured appendix.

Streptomycin is not effective against

gram negative organisms of which E.coli and Proteus
vulgaris have been shown above to be prese·n t in some
cases of peritonitis.

Streptomycin is relatively non-

toxic, works best in an alkaline medium, gives a false
pos'i tive in the urine sugar test since it reduces copper, and has a tendency to lose its effectivene~s rapidly as the organisms become streptomycin fast.
Tyrothricin is an antibiotic which is suitable only
for topical application, does not penetrate tissues, is
not excreted, and •depends on maximal local concentration
for its bacteriocidal effect.

It is effective against

hemolytic streptococci and staphylococci and works best
when given in frequent irrigations or dressings.

It is

hemolytic; therefore according to Kozall et a1 72 should
not be used in place of penicillin in peritoneal infections, but is effective in infected surgical or other
wounds.

Tyrothricin does not produce hemolysis or ane-

mia when used in open lesions.
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RECENT DEVELOPMENTS

For a number of years many European surgeons have
advocated early arising following appendectomies.

The

greatest danger of evisceration is on the sixth to
eighth day post operatively a·s sutures are weakening
and healing is Just beginning.

If one must depend upon

time healing alone the patient has to be kept in the
hospital fourteen to eighteen days according to patricelli73.

He had almost all patients up within t wo

days, many in one day post operatively, and felt that
with early arising:
1.

Normal excretory function was more quickly secured.

2.

There was less ·gas pain.

3.

Fewer catheterizations were necessary.

4.

There were less pulmonary complications--atelectasis, pneumonia, emboli.

5.

There was less paralytic ileus.

Jackson 74 treated perforated appendix with ten grams of
sulfathiazole in the peritoneal cavity and closure without drainage, and had his patients out of bed in twentyfour to forty-eight hours.

Jackson also used thin sul-

fathiazole dressings instead of the usual large fluffy
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dressings and bimer.

He state,s that early ambulation

stimulates the circulation, lessening the tendency to
phlebitis and increases the blood flow to mormal, thereby promoting early healing.

Peristalsis is stimulated,

thereby lessening gastro-intestinal atony, gas pains,
and ileus, and obliterating the need for enemas and
intravenous feedings.

It also st~mulates the cough

reflex, preventing the aspiration of mucous and bronchial secretions and the subsequent development of atelectasis and pneumonia.

Jackson points out that pa- -

tients do not enjoy enemas, intravenous feedings, tubes
down the throat, taped and fluffy bandages, while doctors do not enjoy changing purulent dressings (sulfathiazole reduces pus), irrigations, discharging wounds,
changing tubes, and the pain and discomfort implanted
on patients, especially children, all of which is largely a thing of the past.
Ascertainin g that appendicitis is the most common
surgical disease of the abdomen, · Fisher and Burch 75 now
believe that the McBurney incision should be used routinely.

Their ~ees:>ns are that the ap preach gives:

1.

Greater technical ease of appendectomy.

2.

A direct approach to the inflamed ap~endix.

3.

Less disturbance of the uncontaminated adjacent
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viscera
4.

Ease of ·extraperitoneal drainage if necessary.

5.

Low incidence of post operative hernia.

Concerning drainage they bel .i eve that it is necessary
only in case of frank abscess and that a Penrose type
through a stab wound is best.

Other recommendations of

Fisher and Burch., are the encouragement of active motion
and deep breatliil:g exercises post operatively, the use
of five to eight grams o~ intraperitoneal sulfanilamide
in perforated cases, delayed operation if evidence of
spreadi?g peritonitis, and the use of cotton suture material which they say reduces wound infection from 3.4
per cent to 1.1 per cent.
Norris 76 in 1946 reviewed 1000 cases of appendicitis in children and found that the most common symptoms
were abdominal pain, nausea and vomiting, and fever.
The fever was not too reliable a guide as · shown by the
case of one boy who had a fever of only 100~4, but at
operation a ~ruptured appendix and general peritonitis
were found, and the boy died a few hours 1a·ter.

Norris

found that a large proportion of chil dren had acetone
in the urine showing the need for giving attention to
fluid and electrolyte balance.

He agrees with Fisher

and Burch that the McBurney incision will reduce the mor57

tality rate and states that drainage through the McBurney incision will also reduce the mortality.

Spinal

anaesthesia is recommended by Fisher and Burch because
of its e·ase of introduction, perfect relaxation of contracted intestines, minimum of danger of aspiration of vomitus, and rapid recovery.

They recommend 120-150

milligrams of procaine injected -into the spinal canal
at the third lumbar interspace.
Reduction of mortality and morbidity by elective
alimentary rest postoperatively is advocated in 1946
by Kinse11a 77 who states that many bad results can be
attributed to feeding, purging, and attempts to relieve
d istension.

Inf lamed and injured tissues need rest,

and too much exercise causes peritonitis, paralytic ileus, a nd fecal fistulae with many deaths.

If food is

withheld the alimentary tract is spared the · necessity
I

of digestion, absorption, and propulsion, with the glandular, vascular, an d muscular , activity which these necessitate.

In uncomplicated appendicitis only the lower

coils of ileum and cecum are inflamed, but in advanced
peritonitis the upper coils of the intestine and the
sto mach become involved.

For a time the whole alimen-

tary tract may be rested by withdrawing food.

Thereaf-

ter the upper part rray be used and still rest the lower
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part.

The great absorbing surface of the villi of the

srrall intestine give this opportunity.

It is best to

feed glucose which is readily absorbed since it needs
no chemical modification, water and glucose being entirely absorbed.

Kinsella incidentally condemns intra-

peritoneal sulfa as unnecessary in mild localized cases,
unnecessary if abscesses have formed, and impossible to
apply thoroughly in general peritonitis.
Recent experimental studies include an interesting
investigation of the cytological factor in peritonitis
and peritoneal immunity by Morton 78 who found that small
repeated intraperitoneal injections of bacillus coli and
streptococcus veridans will produce immunity against a
subsequent lethal inj ectio.n of the same organisms.

The

element of time is necessary as the great omentum migrates to the area of inflammation am walls it off.
Polymorphonuclear leucocytes appear first at the area
of inflamma. ti on followed by large mononuclear macrophage cells, the presence of which signifies a degree
of peritoneal immunity.
the omentum.

These cells may be formed by

Pure cultural observations on bacterial

infiltration of the appendix in rabbits were ma.de in
1946 by Enticknap and Baker 79 in which they found the
predominating organisms to be gram negative aerobic
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bacilli and facultative a naerobes of most of the common species including Bacterium coli comnmne and Proteus vulgaris.

Gram positive aerobic spore-forming

bacilli of many species were also found in the cultures.
Kay and Lockwood80 also in 1946 investigated the
prognostic significance of certain hematologic factors,
especially the prothrombin time in experimental appendiceal peritonitis in dogs.

Peritonitis resulting from

iniuced gangrene of the dogs' appendix is an extremely
complex disorder, inv·olvi ng marked disturbances in hemodynamics, significant shifts in water, protein, and electrolyte balance, and functional disturbances of the
gastro-intestinal tract, liver, kidneys, lungs and possibly the spleen, adrenals, and the hemopoietic system.
They found that about one-half the dogs survived with
minimal support of water, saline and glucose, and about
one-half died, the ones · whose prothrombin time held up
best being the ones that survived.

Kay and Lockwood

assert that the gross and microscopic autopsy findings
indicate that peritonitis is a systemic disease, and
conclud~ that prognosis can not be told by nonprotein
nitrogen plasma electrolytes, or total serum protein
levels.
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SUMMARY

In summarizing the evolution of the treatment of
peritonitis following appendicitis one notes that there
has been a gradual development from the early efforts
in which only symptomatic treatment was attempted, to
the present time when almost all the body functions are
'-

brought um.er strict control.

The bacteria causing the

infectious condition have been studied to a point where
the circumstances necessary for their existence and
their enzymatic functions are so well understood that
specific drugs have been developed for the destruction
of many of them. "'Evolution of treatment has advanced
through:
1.

Symptomatic - treatment only--at the time Fitz
first brought clinical recognition of the disease to this country in 1886.

2.

Early operative treatment--initiated by McBurney and Tait in the late 1880 1 s.

3.

Drainage--first used by Sands at about the same
time.

4.

Delayed operation--by Treves in 1897.

5.

Cautious medical treatment--advocated by Ochsner at the dawn of the twentieth century.
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6.

Peritoneal lavage--LeConte and others in the
early twentieth · century.

7.

Use of Fowler's posi tion--by Murphy also early
in the century.

8.

Studies of effects of different types of anaesthesia--by Crile in 1919.

9.

Attempts at peritoneal sterilizatiQn--by Steida and Davis in the early 1S20's.

10. Return to conservative treatment--advocated by
such men as Ochsner, ' Deaver, Wangensteen, Coller, and Potter in the early 1930 1 s.
11. The dissent from conservative treatment--led
by Giertz, Crisler, and Horsely in the late
1930 1 s.
12. The advent of chemotherapy--beginning with the
systemic and local administration of sulfanilamide and continuing with the other sulfonamides in 1S38.
13. The use of penicillin--beginning in 1943.
14. The appearance of the newest chemotherapeutic
agents--in the pa$t two or three years.
15. The development of the latest methods of medical and surgical :na.nagement of which early
post operative ambulation is most prominent.
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CONCLUSION

During the half century sine� Fitz introduced ap
pendicitis as a clinical entity to the physicians of
this country, there ha�e been thousands of papers writ
ten on diagnosis and treatment, choice of �naesthesia,
preferred surgical technique, indications for im mediate
or delayed operation, and treatment of complications.
Appendicitis is a disease of modern living and it be

hooves us to have a better knowledge and understanding
o f the treatment of the disease and its complications.
People die o f app endicitis today just as they did fifty
years ago--namely because the appendix is allowed to

rupture.

The first treatnent of appendiceal peritoni

tis is prevention, and when the layman and physician

learn to cooperate most effectively on this single point
by making an early diagnosis of diseased appendix, the
pr oblem will be largely solved.

It is not the factor of change bui the element of

advancement, with t�e sifting out of the less practic
able and the carrying forward of the best in the old to
combine with the latest advancements of medical experi
ence and research, that has culminated in the present
stage of the progress in the treatment of peritonitis
of appendiceal origin.
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